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(54) Apparatus for envelope detection of low current arcs 



(57) Arcing faults in an ac current are detected by 
apparatus (45, 61 , 191) which is responsive to a prede- 
termined randomness in step increases in the current to 
eliminate false tripping caused by regularly occurring 
discontinuities produced by loads such as dimmers. A 
signal conditioner (49, 69) generates a bandwidth lim- 
ited di/dt signal having pulses produced by the step 
increases in current. In one embodiment, a first tracking 
circuit (53) tracks the envelope of the di/dt signal with a 
first time constant. A second tracking circuit (51) also 
tracks the di/dt envelope, but with a second, shorter 
time constant. An arcing fault is indicated if the second 



tracking signal falls to a predetermined fraction of the 
fist tracking signal. This circuit may be used alone to 
detect arcing faults or to increase the sensitivity to arc- 
ing faults over dimmers of a circuit (61) which responds 
to a time attenuated integrated valve of the pulses in the 
di/dt signal. In another embodiment (191), the di/dt 
envelope signal is subtracted from the magnitude of the 
pulses before they are applied to the time attenuated 
integrator (111), but with the subtraction time delayed to 
preclude attenuation of the first pulse. 
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Description 

BACKGROUND OF THE INVENTION 

Field of the Invention 

This invention relates to apparatus for detecting 
arcing faults in ac electrical systems, and in particular to 
such apparatus which discriminates between arcing 
faults and conditions generated by certain loads which 
have some of the characteristics of an arcing fault. 

Background Information 

It has become recognized that conventional over- 
current protection devices for ac electrical systems such 
as circuit breakers and overload relays typically do not 
respond to arcing faults. Such faults often have a high 
resistance so that the fault current is below the instanta- 
neous trip current of such protection devices. Arcing 
faults in ac systems also tend to be intermittent so that 
they do not generate the time integrated values of cur- 
rent needed to activate the delayed trip feature in the 
typical circuit protection. 

A common approach to arcing fault detection rec- 
ognizes that the arc current is considerably distorted 
from a pure sine wave. For instance, it contains consid- 
erable high frequency noise. In addition, there can be 
intervals of no current and/or periods of short circuit cur- 
rent. Devices which combine various of these character- 
istics of arc current have been proposed for arc 
detectors. Some of them require microcomputers to 
apply the various criteria to the current waveform. Gen- 
erally, this makes such detectors too expensive for wide- 
spread use. In addition, many common loads have 
capacitors or transformers on their inputs which filter the 
high frequency noise. 

Another approach to arc fault detection relies on the 
fact that an arc between spaced conductors or a gap in 
a conductor can only be struck when the voltage rises to 
the break down voltage across the space or gap. Thus, 
these detectors respond to the step increase in current 
produced by arc initiation. Such a detector is described 
in U.S. patent number 5,224,006. In order to avoid false 
trips produced by the inrush currents at turn on of some 
typical loads, another detector of this type described in 
U.S. patent application serial number 08/336,721, filed 
November 9, 1 994, looks for a plurality of step increases 
in current within a certain time interval characteristic of 
an arcing fault which repetitively strikes and is inter- 
rupted. A further improvement on this type of detector, 
which generates a time attenuated integration of pulses 
representative of step increases in current such as 
those generated by arcing faults, is described in U.S. 
patent application serial number 08/471,132, filed on 
June 6. 1995. 

Any arcing fault detector must be able to discrimi- 
nate between a true arcing fault and waveform distortion 
produced by normal loads. One such load is a dimmer. 



A dimmer phases back the half cycles of the ac voltage 
creating repetitive step increases in current. The above- 
described arcing fault detectors which respond to a plu- 
rality of step increases in current must have their sensi- 
5 tivities reduced to avoid a false response to dimmers. 
Adding to the problem, a dimmer energizing a tungsten 
lamp can generate inrush pulses with an amplitude ten 
times steady state current when the filament is cold. 

There is a need, therefore, for an improved arcing 
w fault detector. 

There is a need for such an arcing fault detector 
with improved immunity to false trips. 

More particularly, there is a need for an arcing fault 
detector which responds to repetitive arc initiation but 
15 can discriminate currents produced by a dimmer, and 
especially a dimmer supplying a cold tungsten load. 

SUMMARY OF THE INVENTION 

20 These needs and others are satisfied by the inven- 
tion which is directed to apparatus for detecting arcing 
faults in an ac electrical system. The apparatus tracks 
the envelope of a sensed current signal which is repre- 
sentative of the current flowing in the ac electrical sys- 

25 tern and generates an output indicative of an arcing fault 
in response to a predetermined randomness in this 
envelope. This apparatus operates on the principle that 
while a dimmer also generates step increases in cur- 
rent, the step increases are repeated every half cycle 

30 unlike the step increases caused by an arcing fault 
which are random. 

In accordance with one embodiment of the inven- 
tion, the tracking means which tracks the envelope of 
the sensed current signal comprises first tracking 

35 means which tracks the current signal with a first time 
constant to generate a first tracking signal, and second 
tracking means tracking the sensed current signal with a 
second time constant which is shorter than the first time 
constant to generate a second tracking signal. 

40 Response means compares the first and second track- 
ing signals and generates an output signal when the 
second tracking signal decays to a predetermined frac- 
tion of the first tracking signal. As a dimmer generates a 
step increase in current on each half cycle, the time 

45 constants and the fraction can be selected such that the 
second tracking signal never falls to the predetermined 
fraction of the first tracking signal in response to a dim- 
mer. On the other hand, the random repetition of the 
step increases in the case of an arcing fault produces 

50 intervals where the second tracking signal will fall to the 
predetermined fraction of the first tracking signal and 
produce an output. In order to prevent an output when a 
dimmer is turned off, the response means also includes 
means which require the second tracking signal to fall to 

55 the predetermined fraction of the first tracking signal a 
predetermined number of times within a prescribed 
interval as would occur in the case of an arcing fault. 

As another aspect of the invention, envelope detec- 
tion can be combined with the previously discussed 
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technique of generating a time attenuated accumulation 
of pulses in a di/dt sensed current signal. In order to 
avoid false tripping on a dimmer, which also generates 
repeated step increases in current, it has been neces- 
sary to set the threshold for such arcing fault detectors 5 
high enough to avoid counting step increases produced 
by a dimmer. In accordance with this aspect of the 
invention, the sensitivity to arcing faults is increased by 
additionally incrementing the time attenuated accumu- 
lation in response to random pulses. Again, random 10 
pulses are indicated when the fast envelope tracking 
signal fails to the predetermined fraction of the slow 
envelope tracking signal. 

As a further aspect of the invention, the envelope of 
the sensed signal can be subtracted from the pulses of is 
the di/dt sensed current signal with the resulting differ- 
ence signal applied to the time attenuated accumulation 
circuit. 

BRIEF DESCRIPTION OF THE DRAWINGS 20 

A full understanding of the invention can be gained 
from the following description of the preferred embodi- 
ments when read in conjunction with the accompanying 
drawings in which: 25 

Figure 1a illustrates a current waveform subject to 
arcing faults. 

Figure 1 b illustrates the first derivative of the current 
waveform of Figure 1 a. 30 
Figure 1c illustrates a first envelope tracking signal 
tracking the signal of Figure 1b with a first, slow 
time constant. 

Figure 1d illustrates a second envelope tracking 
signal tracking the signal of Figure 1b with a sec- 35 
ond, fast time constant. 

Figure 1e illustrates an output signal which goes 
high when the second envelope tracking signal of 
Figure 1d falls below the first envelope tracking sig- 
nal of Figure 1c. 40 
Figure 2a illustrates a current waveform of a dim- 
mer operating in a half wave mode for energizing a 
cold tungsten load. 

Figure 2b illustrates the pulse waveform which is 
the first derivative of the waveform shown in Figure 45 
2a. 

Figure 2c illustrates a first, envelope tracking signal 
tracking the signal of Figure 2b with a first, slow 
time constant. 

Figure 2d illustrates a second, envelope tracking so 
signal tracking the signal of Figure 2b with a sec- 
ond, fast time constant. 

Figure 2e illustrates an output signal generated 
from the signals of Figures 2c and 2d. 
Figure 3 is a circuit diagram in block form of an arc- ss 
ing fault detector in accordance with a first embodi- 
ment of the invention. 

Figure 4 is a schematic circuit diagram of an arcing 
fault detector . in accordance with another embodi- 



ment of the invention. 

Figure 5 is a schematic circuit diagram of an arcing 
fault detector in accordance with yet another 
embodiment of the invention. 

DESCRIPTION OF THE PREFERRED EMBODI- 
MENTS 

Referring to Figure 1a which illustrates a current 
waveform 1 in a typical ac electrical system subject to a 
series arcing fault, it can be seen that a series of ran- 
dom discontinuities occur in the current. For instance, a 
gap in the conductor carrying the current, such as can 
be caused by cutting of the conductor, results in the cur- 
rent terminating at the zero crossing 3 and remaining at 
zero until the voltage rises sufficiently to restrike an arc 
across the gap. This causes the current to rise rapidly 
as a step function at 5 and then resume a sinusoidal 
pattern which can continue even through zero cross- 
ings. If conditions are reached where the arc cannot be 
maintained, another discontinuity occurs such as at 7. 
In the example shown an open circuit is maintained at 9 
until the voltage reaches the arc voltage and the voltage 
the arc is restruck at 1 1 . In this example, the arc is extin- 
guished at the zero crossing 1 3, but is restruck again on 
the next half cycle at 15. The voltage then. falls below, 
the arcing voltage at 1 7 resulting in another open circuit 
condition at 19. The current waveform shown in Figure 
1a is an example of a typical current waveform in an ac 
circuit subject to arcing, but as can be appreciated, 
there are an infinite number of other patterns of discon-, 
tinuities that can occur in such a circuit. The purpose of. 
Figure 1a is to illustrate that these discontinuities occur 
randomly. 

As discussed above, certain types ©tare detecting 
circuits such as that described in U.S. application serial 
number 08/336,721, filed on November 9 1? 1994, look for 
the step increases in the current caused by the arcing 
fault and provide an indication of an arcing fault when a 
predetermined number of such step increases occur 
within a given time interval. As also mentioned above, 
there are certain types of loads which can also produce 
step increases in the ac current. One of the most trou- 
blesome for these arc detecting circuits is the dimmer. 
Figure 2a shows a current waveform 21 produced in an 
ac circuit by a dimmer operating on a slightly less than 
50% duty cycle to energize a cold tungsten filament. A 
half wave dimmer, which is the worst case is shown in 
Figure 2a. It can be readily appreciated that a full wave 
dimmer would produce a mirror waveform for the half 
cycles of opposite polarity. In any event, it can be seen 
that such increases in current occur such as at 23 when 
the dimmer switch turns on. As the dimmer switches on 
at the same phase angle for each cycle of the ac cur- 
rent, the step increases 23 occur at regular intervals. In 
the example shown in Figure 2a, the dimmer is energiz- 
ing a cold tungsten filament so that it can be seen that 
the amplitude of the current is initially very high but 
decays slowly on successive half cycles to a steady 
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state amplitude as the filament warms up. 

Current arcing fault detectors which count the step 
increases in current which occur in a given time interval 
to detect an arcing fault, must have their sensitivity 
decreased so that they do not respond to the step 
increases in current caused by a dimmer such as shown 
in Figure 2a. This penalty in sensitivity can be quite high 
if the inrush currents caused by a cold tungsten filament 
are not to cause to a false trip. 

The present invention provides an improvement in 
series arcing fault detectors by taking advantage of the 
fact that the step increases caused by an arcing fault 
are random in time as opposed to the regular step 
increases caused by a dimmer. This is accomplished by 
detecting randomness in the envelope of the current 
signal. In particular, the current signal is differentiated to 
generate a di/dt signal containing pulses in response to 
step increases in current. A first tracking circuit tracks 
the di/dt signal with a first time constant. The di/dt signal 
is also tracked by a second tracking circuit having a sec- 
ond time constant which is shorter than the first time 
constant to generate a second tracking signal. These 
two tracking signals are compared and if the second, 
faster decaying tracking signal reaches a predeter- 
mined fraction of the first tracking signal, an output sig- 
nal indicative of arcing fault is generated. The time 
constant and fraction are selected such that the repeti- 
tively occurring steps in a dimmer current signal regu- 
larly reset the tracking circuits so that the second 
tracking signal never decays to the specified fraction of 
the first tracking signal. This is illustrated by Figures 2b- 
2d where Figure 2b illustrates the di/dt signal 25 having 
a series of regularly spaced pulses 27. Figure 2c illus- 
trates the first tracking signal 29 which decays at the 
slower rate and is reset by each of the recurring pulses. 
Similarly, Figure 2d illustrates the second tracking signal 
31 which, as can be seen, decays more rapidly than the 
first tracking signal, but is repetitively reset so that it 
never decays to the selected fraction in the example 
(1/2) of the first tracking signal amplitude. Thus, as can 
be seen by Figure 2e, the output signal 33 remains at 
zero. 

Turning to Figure 1b, it can be seen that the di/dt 
signal 35 has randomly spaced pulses 37 so that the 
first tracking signal 39 shown in Figure 1c and the sec- 
ond tracking signal 41 shown in Figure 1d decay for a 
long enough period of time that the second tracking sig- 
nal 41 falls below 1/2 the amplitude of the first tracking 
signal thereby causing the output signal 43 in Figure 1d 
to go high. 

Figure 3 is a circuit diagram in block form of an 
envelope tracking arcing fault detector 45 in accordance 
with the invention. This envelope tracking arcing fault 
detector 45 includes a transducer 47 which senses the 
current flowing in the ac circuit. In the illustrative circuit, 
this sensor 47 is a current transformer which generates 
a di/dt rate of change of current signal. The di/dt signal 
is bandwidth limited and full wave rectified by a signal 
conditioning amplifier 49 to produce the pulse signals 



illustrated in Figures 1b and 2b The pulse signal is 
applied to a first envelope tracking circuit 51 having a 
first time constant which produces a slow response, first 
envelope tracking signal, and a second envelope track- 
5 ing circuit 53 having a second time constant which pro- 
duces the fast response, second envelope tracking 
signal illustrated by Figures 1d and 2d, respectively. 
These first and second tracking signals produced by the 
tracking circuits 51 and 53 are applied to a comparator 
w 55 which generates an output signal if the second track- 
ing signal generated by the tracking circuit 53 falls to a 
selected fraction (1/2 in the example) of the first tracking 
signal. In order to avoid false indications such as might 
be caused by turning off of the dimmer, an accumulator 
75 57 produces a time integration of the output of the signal 
comparator 55. If the time attenuated integration pro- 
duced by the accumulator 57 reaches a preset level 
determined by the signal comparator 59, an arcing fault 
output signal is generated. In effect, the accumulator 57 
20 and comparator 59 generate the output signal if the fast 
tracking signal falls to the predetermined fraction of the 
first tracking signal a predetermined number of times 
within a predetermined timing interval. As an example, 
an arcing fault signal can be generated if the fast track- 
25 ing signal falls to 1/2 the amplitude of the slow tracking 
signal 6 times within 1 second. 

Envelope detection can be used alone, as 
described in connection with the circuit of Figure 3, for 
detecting arcing faults and discriminating them from 
30 waveforms caused by dimmers. It is advantageous, 
however, to combine this envelope detection with the 
previously described arc detection circuits which count 
step increases over time to improve their sensitivity 
while rejecting false trips caused by dimmers. 
35 Figure 4 is a schematic circuit diagram of an arcing 
fault detector which incorporates the envelope detector 
into a detector which counts the number of step 
increases observed in a given time interval. The circuit 
61 includes a current sensor in the form of the current 
40 transformer 63 which senses the current flowing in the 
conductor 65 of the ac electrical system 67 to generate 
a di/dt signal. This di/dt signal is passed through a sig- 
nal conditioner circuit 69 which provides bandwidth lim- 
iting through a low pass filter 71 formed by the shunt 
45 capacitor 73 and series resistor 75. The signal condi- 
tioner 69 also includes a high pass filter 77 with amplifi- 
cation which includes the op amp 79 with feedback 
resistor 81 and capacitor 83 and input resistor 85. Low 
frequency roll-off implemented by the series capacitor 
50 91 and shunt resistor 93 provides additional attenuation 
of 60 Hz from the sensed current signal. 

The pulse signal representing the first derivative, 
di/dt, of the current signal output by the signal condi- 
tioner circuit 69 is full wave rectified by the rectifier cir- 
55 cuit 95. This rectifier circuit 95 includes op amp 97 
having oppositely poled diodes 99 and 101 applied to its 
inverting and non-inverting inputs resistors 103 and 105 
providing a selected gain for positive pulses and resis- 
tors 107 and 109 setting the gain for negative pulses. 
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Typically, these gains would be set equal as in a full 
wave rectifier. 

The unipolar pulses output by the full wave rectifier 
95 are applied to a time attenuated integration circuit 
1 1 1 through a voltage divider 1 1 3 formed by resistors 
1 1 5 and 1 1 7. The time attenuated integration circuit 1 1 1 
includes a capacitor 119 shunted by a bleed resistor 
121. The pulses from the full wave rectifier charge the 
capacitor 1 19 through turn on of a transistor 123. Only 
pulses which exceed a minimum threshold set by the 
voltage divider 125 formed by the resistors 127 and 129 
are integrated. Diodes 131 provide temperature com- 
pensation for the transistor 123. 

An output detector 133 actuates an output device 
135 when the time attenuated integration represented 
by the voltage across the capacitor 1 19 reaches a pre- 
determined level. The output device 135 may be a light 
emitting diode (LED) as shown, and/or may be a device 
such as a trip coil for a circuit breaker. When the voltage 
across the capacitor 119 reaches a level which drives 
the base voltage on the transistor 137 of the detector 
circuit low enough, the transistor is turned on. This 
draws current through resistor 139 which biases 
another transistor 141 on which then provides current 
through resistor 143 to actuate the output devise 135. A 
diode 145 protects the emitter to base junction of the 
transistor 137 when charge across the capacitor 1 19 is 
low and the base of the transistor is raised to near the 
+27.2 volt supply voltage for the capacitor. 

The portions of the detector circuit 61 of Figure 4 
described to this point operate like the arcing fault 
detector described in U.S. patent application serial 
number 08/471 ,132, filed on June 6, 1995. However, the 
circuit 61 also includes an envelope tracker 147 as 
described above. This envelope tracker 147 includes a 
first envelope tracking circuit 149 and a second enve- 
lope tracking circuit 151. The first envelope tracking cir- 
cuit 149, which has the longer time constant, includes a 
capacitor 153 shunted by a pair of bleed resistors 155. 
Together the capacitor 153 and resistors 155 determine 
the time constant for the first envelope tracking circuit 
149. In the illustrative circuit, this longer time constant is 
40 milliseconds. The capacitor 153 is charged through a 
peak detector, which in the illustrative circuit is diode 
157. When the pulses generated by the full wave recti- 
fier 95 exceed the voltage on the capacitor 153, a tran- 
sistor 159 is turned on to provide charge to the 
capacitor 153 through a current limiting resistor 161. 

In a similar manner, the second envelope tracking 
circuit 151 includes a capacitor 163 shunted by a bleed 
resistor 1 65, which together set the time constant for the 
second tracking circuit. In the illustrative circuit, this sec- 
ond, shorter time constant is 12 milliseconds. When the 
amplitude of the full wave rectifier output pulses exceed 
the voltage on the capacitor 163, current passes 
through the peak detecting diode 167 to turn on a tran- 
sistor 169 which provides charge to the capacitor 163 
through the current limiting resistor 171. In addition, the 
second envelope tracking circuit 151 includes the cir- 



cuitry 173 which fixes a minimum voltage on the capac- 
itor 163. This circuit 173 includes a transistor 175, 
biasing resistors 177 and a diode 179. This sets a mini- 
mum amplitude of the envelope to which the envelope 

5 tracking circuit 1 47 will respond. 

The voltages on the capacitors 1 53 of the first enve- 
lope tracking circuit and 163 of the second tracking cir- 
cuit are compared in a comparator 181. As the voltage 
applied to the inverting input of the comparator 181 is 

w taken at the node between the two resistors 155 shunt- 
ing the capacitor 153, the values of these resistors set 
the fraction of the first tracking signal to which the sec- 
ond tracking signal is compared. In the example, the 
resistors 155 are of equal value so that the tracking sig- 

15 nal generated by the second envelope tracking circuit 
151 must fall below 50% of the amplitude of the first 
tracking signal to provide an output on the comparator 
181 . When the second tracking signal generated by the 
second envelope tracking circuit 151 exceeds 50% of 

20 the first tracking signal generated by the first envelope 
tracking circuit 149, the output of the comparator 181 is 
high. Under these conditions, the output of a second 
comparator 183 is also high because + 27.2 volts is 
applied to its non-inverting input through a resistor 185 

25 while plus 13.6 volts is applied to its inverting input. 
Under these conditions also, a capacitor .1 87 connected - 
between the output of the comparator 1&1 and the non- 
inverting input of the comparator 183 is held discharged , 
by the resistor 185 and a resistor 189. When the second , 

30 tracking signal applied to the non-inverting input of the 
comparator 181 falls below 1/2 the amplitude of the first * 
tracking signal, the output of the comparator 181 goes 
low. This results in rapid charging of the capacitor 187 
which pulls the non-inverting input of the comparator 

35 183 below the voltage on the inverting input to momen- 
tarily cause the output of comparator : 183 to go low 
thereby applying a packet of charge to the capacitor 1 1 9 
in the time attenuated integration circuit 1 1 1 through 
pull-up resistor 184. A feedback capacitor 191 around 

40 the comparator 181 provides stability for the pulse gen- 
erating circuit. Thus, when the second envelope track- 
ing signal falls below 50% of the first tracking signal a 
packet of charge is added to the time attenuated inte- 
gration circuit thereby making this circuit more sensitive 

45 to the randomness of the discontinuities in the current 
signal. With this arrangement, it is possible to increase 
the sensitivity of the arc detecting circuit to arcing faults 
without increasing the sensitivity to false trips due to a 
dimmer. 

so Figure 5 illustrates another embodiment of the 
invention which relies on the randomness of arcing 
faults to differentiate them from loads such as dimmers. 
This circuit 191 also generates a time attenuated accu- 
mulation of step increases caused by striking of an arc. 

55 Thus, the circuit 191 includes a transducer 63 such as a 
current transformer, a signal conditioner 69 which gen- 
erates a bandwidth limited di/dt signal in the form of 
bipolar pulses, and a full wave rectifier 95 which gener- 
ates unipolar pulses for each step increase in the load 
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current above a predetermined magnitude. These 
pulses are applied through the non-inverting input of the 
differential amplifier 193 to the time attenuated integra- 
tor 111 to produce an arc detection signal in the output 
detector 1 33 when the time attenuated integrated value 5 
reaches a preset limit. In order to discriminate against 
regularly occurring step increases in the current such as 
would be generated by a dimmer, the circuit of 191 sub- 
tracts a proportion of the integrated value of the pulses 
representing a current envelope from each pulse. This w 
is effectuated by a peak detector 195 formed by the 
diode 197 and capacitor 199. This integrated value is 
applied to the inverting input of the differential amplifier 
1 93 so that it is subtracted from the magnitude of the lat- 
est pulse which is applied to the non-inverting input. The 75 
feedback resistor 201 and input resistor 203 determine 
the proportion of this envelope signal which is sub- 
tracted from the latest pulse. In order to prevent subtrac- 
tion of the envelope from the first pulse detected by the 
circuit 191, a time-delay circuit 205 is interopposed 20 
between the detector 195 and the differential amplifier 
193. This time-delay circuit is formed by the series 
resistor 207 and shunt capacitor 209. The capacitors 
199 and 209 discharge through the resistors 201, 203 
and, in the case of capacitor 199, the resistor 207 so 25 
that for randomly occurring pulses, less is subtracted by 
the differential amplifier 193 from the latest pulse and in 
the case of a dimmer in which the pulses are occurring 
every half-cycle and therefore maintaining charge on 
the capacitors 1 99 and 209. The result is, that the circuit 30 
191 is much more sensitive to randomly occurring 
pulses of a rectified di/dt signal such as would occur 
with an arcing fault rather than the regularly occurring 
pulses produced by a dimmer. 

While specific embodiments of the invention have 35 
been described in detail, it will be appreciated by those 
skilled in the art that various modifications and alterna- 
tives to those details could be developed in light of the 
overall teachings of the disclosure. Accordingly, the par- 
ticular arrangements disclosed are meant to be illustra- 40 
tive only and not limiting as to the scope of invention 
which is to be given the full breadth of the claims 
appended and any and all equivalents thereof. 

Claims 45 

1 . Apparatus (45, 61 . 1 91 ) for detecting arcing faults in 
an ac electrical system (67), said apparatus com- 
prising: 

50 

current sensing means (47, 49, 63, 69) gener- 
ating a current signal representative of current 
flowing in said ac electrical system (67); 
tracking means (51. 53, 147, 195) tracking an 
envelope of said current signal; and 55 
response means (55, 57, 59, 111, 133) gener- 
ating an output signal indicating an arcing fault 
in said ac electrical system (67) in response to 
a predetermined randomness in said envelope 



of said current signal. 

2. The apparatus (45, 61) of Claim 1 wherein said 
tracking means (51 , 53, 147) comprises first means 
(53, 149) tracking said current signal with a first 
time constant to generate a first tracking signal, and 
second means (51, 151) tracking said current sig- 
nal with a second time constant which is shorter 
than said first time constant to generate a second 
tracking signal, and wherein said response means 
(55, 57, 59, 111, 133) comprises comparison 
means (55, 181) comparing said first and second 
tracking signals and generating said output signal 
when said second tracking signal decays to a pre- 
determined fraction of said first tracking signal. 

3. The apparatus (45) of Claim 2 wherein said 
response means (55, 57, 59) comprises means 
(57) generating a count of times that said second 
tracking signal decays to said predetermined frac- 
tion of said first tracking signal and generating said 
output signal only after said count reaches a prede- 
termined count within a predetermined time period. 

4. The apparatus (45, 61 ) of Claim 2 wherein said cur- 
rent sensing means (47, 49, 63, 69) comprises 
means (49, 63) generating a di/dt signal as said 
current signal. 

5. The apparatus (45, 61 ) of Claim 4 wherein said cur- 
rent sensing means (47, 49, 63, 69) further includes 
bandwidth limiting means (49, 69) bandwidth limit- 
ing said di/dt signal to produce pulses in response 
to the predetermined step increases in said current. 

6. The apparatus (61 ) of Claim 2 wherein said current 
sensing means (63, 69) comprises means (69) 
generating a di/dt signal containing pulses repre- 
senting step increases in said current, said 
response means (111, 133) includes means (111) 
generating a time attenuated accumulation of said 
pulses, means (147, 181, 187) adding a signal to 
said time attenuated accumulation of pulses when 
said second tracking signal exceeds said first track- 
ing signal by said predetermined amount and 
means (113) generating said output signal when 
said time attenuated accumulation of pulses 
reaches a predetermined value. 

7. The apparatus (1 91 ) of Claim 1 wherein said track- 
ing means (195) comprises means (199) integrat- 
ing said current signal to generate an envelope 
signal and said response means comprises means 
(193) subtracting said envelope signal from said 
current signal to generate a difference signal, 
means (111) generating a time attenuated integra- 
tion of said difference signal, and means (133) gen- 
erating said output when said time attenuated 
integration reaches a predetermined value. 
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8. The apparatus (191) of Claim 7 wherein said cur- 
rent sensing means (63, 69) generates said current 
signal as a di/dt signal containing pulses represent- 
ing step increases in said current, said means (193) 
subtracting said envelope signal from said current 5 
signal generates difference pulses as said differ- 
ence signal and said means (111) generating a 
time attenuated integration of said difference signal 
generates a time attenuated accumulation of said 
difference pulses. w 



9. The apparatus (191) of Claim 8 wherein said 
means (193) subtracting said envelope signal 
includes means (205) preventing subtraction of said 
envelope signal from a first pulse in said di/dt sig- 15 
nal. 



10. The apparatus (191) of Claim 9 wherein said 
means (205) preventing subtraction of said enve- 
lope signal from said first pulse comprises a time 20 
delay circuit (207, 209). 

11. Apparatus (61) for detecting arcing faults in an ac 
electrical system (67), said apparatus comprising: 

25 

current sensing means (63, 69) generating a 
di/dt signal in the form of pulses in response to 
predetermined step increases in current in said 
ac electrical system (67); 

means (111, 1 33) generating a time attenuated 30 
accumulation of said pulses and generating an 
output signal indicating an arcing fault when 
said time attenuated accumulation of said 
pulses exceeds a predetermined threshold 
value; and 35 
randomness detection means (147, 181, 187) 
adding an additional pulse to said time attenu- 
ated accumulation of pulses in response to a 
predetermined randomness in said pulses of 
said di/dt signal. 40 

12. The apparatus (61) of Claim 11 wherein said ran- 
domness detection means (147, 181, 187) com- 
prises first tracking means (149) with a first time 
constant integrating said pulses to generate a first 45 
tracking signal, second tracking means (151) with a 
second time constant shorter than said first time 
constant integrating said pulses to generate a sec- 
ond tracking signal, and means (181, 187) adding 
said additional pulse to said time attenuated accu- so 
mulation of pulses when said second tracking sig- 
nal falls to a selected fraction of said first tracking 
signal. 
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(54) Apparatus for envelope detection of low current arcs 



(57) Arcing faults in an ac current are detected by 
apparatus (45, 61 , 191) which is responsive to a prede- 
termined randomness in step increases in the current to 
eliminate false tripping caused by regularly occurring 
discontinuities produced by loads such as dimmers. A 
signal conditioner (49, 69) generates a bandwidth lim- 
ited di/dt signal having pulses produced by the step 
increases in current. In one embodiment, a first tracking 
circuit (53) tracks the envelope of the di/dt signal with a 
first time constant. A second tracking circuit (51) also 
tracks the di/dt envelope, but with a second, shorter 
time constant. An arcing fault is indicated if the second 



tracking signal falls to a predetermined fraction of the 
fist tracking signal. This circuit may be used alone to 
detect arcing faults or to increase the sensitivity to arc- 
ing faults over dimmers of a circuit (61) which responds 
to a time attenuated integrated valve of the pulses in the 
di/dt signal. In another embodiment (191), the di/dt 
envelope signal is subtracted from the magnitude of the 
pulses before they are applied to the time attenuated 
integrator (111), but with the subtraction time delayed to 
preclude attenuation of the first pulse. 
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